Background: The surgical procedures for mid-thoracic spinal tuberculosis mainly include anterior transthoracic debridement and fusion and posterior transpedicular debridement and fusion. Until now, the surgical choice is still controversial. This study aims to compare the clinical efficacy of anterior transthoracic debridement and fusion with posterior transpedicular debridement and fusion in the treatment of mid-thoracic (T5-9) spinal tuberculosis in adult patients. Methods: Eighty-seven cases with mid-thoracic spinal tuberculosis were treated with anterior transthoracic debridement and fusion (Group A, n = 39) and posterior transpedicular debridement and fusion (Group B, n = 48) from January 2007 to June 2014. Parameters including the operation time, blood loss, time of ESR and CRP decreasing to the normal level, time of abscess disappearance, time of bone graft fusion, rate of surgical complications, Visual Analog Scale (VAS) score, kyphosis angle and SF-36 scale were compared between two groups to evaluate their therapeutic effects. Results: All patients were followed up for 5-10 years with the mean of 6.2 ± 1.1 years. No significant differences were observed regarding the gender composition ratio, age, course of disease, number of lesion segments, and preoperative indexes of ESR, CRP, VAS score, kyphosis angle and SF-36 scale between the two groups. Besides, no significant differences were observed regarding VAS score, kyphosis angle and SF-36 scale between the two groups in the 5th postoperative year (P > 0.05). However, the operation time (158.2 ± 10.7 min vs. 183.7 ± 14.1 min), blood loss (517.9 ± 76.5 ml vs.714.6 ± 57.4 ml), time of ESR (2.3 ± 1.1 months vs.3.1 ± 1.4 months) and CRP (1.1 ± 0.3 months vs.1.2 ± 0.6 months) decreasing to the normal level, time of abscess disappearance (2.7 ± 1.6 months vs.4.9 ± 1.9 months), and time of bone graft fusion (6.6 ± 0.8 months vs.8.0 ± 9.6 months) in Group A were less than those in Group B (P < 0.05).
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Conclusions: Both anterior transthoracic debridement and fusion and posterior transpedicular debridement and fusion have a low risk of surgical complications and provide good quality of life for the patients with mid-thoracic (T5-9) spinal tuberculosis followed up in the mid-term. Moreover, the anterior procedure leads to early resolution of the disease and faster fusion.
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Background
Spinal tuberculosis is one of the most common extrapulmonary tuberculosis, and approximately accounts for half of bone and joint tuberculosis, which is harmful to human body and may cause vertebral collapse, kyphosis deformity and paraplegia. In recent years, with the global resurgence of tuberculosis, the incidence of spinal tuberculosis in China has been increasing year by year [1, 2] . The incidence of mid-thoracic (T5-9) spinal tuberculosis is second to that of thoracolumbar and lumbar tuberculosis, and the most vulnerable populations include young people and middle-aged people. Due to the narrow spinal canal and poor blood supply of thoracic spinal cord, the incidence of paralysis in this area is quite high once spinal canal gets involved.
The therapeutic strategy for spinal tuberculosis is based on a standard systemic anti-TB (tuberculosis) drug therapy supplemented by an appropriate surgical therapy [3, 4] . Thanks to the limited motion and stable thoracic joint support, most patients with mid-thoracic spinal tuberculosis can be treated conservatively. However, for the patients complicated with vertebral collapse, incurable abscess and severe kyphosis deformity, simple drug therapy needs a long period of medication and is prone to induce drug resistance [5] [6] [7] . Thus, it would be more appropriate to perform a surgery in combination with pharmacotherapy to remove lesions, shorten illness course, rebuild spine stability and accelerate illness recovery.
The surgical procedures for mid-thoracic spinal tuberculosis are mainly divided into anterior and posterior approaches [8, 9] . The anterior procedure includes transthoracic and extrapleural approaches, and the posterior procedure includes posterior paramedian and posterolateral approaches. Which one is chosen depends on the lesion site, abscess size, with or without spinal canal invasion, severity of spinal kyphosis, and any other factors [10, 11] . With the wide application of pedicle screws in spine operation and the rapid progress of surgical techniques, many cases treated with anterior approach only or combined anterior and posterior approach in the past can be cured with a single posterior operation today [12] . However, until now, the surgical choice for thoracic spinal tuberculosis is still controversial [13, 14] . In this study, we compared the follow-up data of the patients with mid-thoracic spinal tuberculosis who were treated with anterior transthoracic debridement and fusion with those who were treated with posterior transpedicular debridement and fusion, so as to evaluate the efficacy of the two surgical procedures.
Methods

Patient population
From January 2007 to June 2014, a total of 126 patients with mid-thoracic (T5-9) spinal tuberculosis who received anterior transthoracic debridement and fusion or posterior transpedicular debridement and fusion were retrospectively analyzed. This study was approved by the Ethics Review Committee of Xiangya Hospital affiliated to Central South University and all patients provided the written informed consent for the use and publication of data for research purposes. Diagnosis criteria for spinal tuberculosis include clinical presentations, such as fatigue, night sweats, low-grade fever, emaciation and back pain; imaging of bone destruction, intervertebral space narrowing, paravertebral abscess or sequestrum with Xray, CT or MRI examinations; blood tests for erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) and T cell spot tests for tuberculosis infection (T-SPOT. TB). Confirmation of TB was made using biopsy or tubercle bacillus culture ultimately.
To compare the effects between these two procedures accurately, we set up some restrictions as follows. Case inclusion criteria were as follows: (1) functional spinal units involved ≤2 segments; (2) vertebral collapse or segmental instability; (3) cavities or sequestrum appeared; (4) having complete follow-up data. Case exclusion criteria were as follows: (1) huge flow abscess; (2) active lung tuberculosis; (3) thoracic surgery history; (4) apparent presentation of spinal cord damage; (5) contraindication to surgery; (6) follow-up period < 5 years; (7) with sharp angular kyphosis. According to the above inclusion and exclusion criteria, a total of 87 cases were included in this study. Prior to the surgery, these symptoms lasted for 6-14 months.
In Group A (n = 39), there were 22 males and 17 females with the mean age of (35.1 ± 8.4) years (range, 20-63 years), mean disease duration of (9.6 ± 2.4) months (range, 8-17 months), mean ESR of 53.3 ± 7.7 mm/h (range, 38-78 mm/ h), mean CRP of 31.9 ± 6.7 mg/l (range, 17-50 mg/l), mean VAS score of 4.7 ± 1.0 (range, 4-7), and mean kyphosis angle of 21.0°± 5.1°(range, 17°-30°). Among them, 31 cases involved single functional spinal unit, and 8 cases involved double functional spinal units. In Group B (n = 48), there were 30 males and 18 females with the mean age of (37.2 ± 7.9) years (range, 26-57 years), mean disease duration of (8.9 ± 2.3) months (range, 6-14 months), mean ESR of 51.1 ± 6.8 mm/h (range, 42-65 mm/h), mean CRP of 29.6 ± 7.9 mg/l (range, 20-45 mg/l), mean VAS score of 4.4 ± 0.68 (range, 4-7), and mean kyphosis angle of 22.6°± 3.0°(range, 20°-28°). Among them, 35 cases involved single functional spinal unit, and 13 cases involved double functional spinal units.
Preoperative preparation
All patients received quadruple standard antituberculous chemotherapy, including oral administration of isoniazid (300 mg per day), rifampin (450 mg per day), pyrazinamide (750 mg per day) and ethambutol (750 mg per day). Anti-TB chemotherapy lasted for at least two weeks before any surgeries. It was advised that those patients who were going to receive anterior transthoracic debridement and fusion surgery should be trained on how to breathe.
Surgical procedures (1) Anterior transthoracic debridement and fusion
Lateral position was adopted and the lesion site should be kept upward. A cambered incision centered with the anterior-axillary line was adopted in the most serious diseased thoracic region. Subcutaneous tissue and intercostal muscle were cut layer by layer. The lung upside was collapsed for single lung ventilation. The pleural cavity was enlarged gradually using an automatic retractor without cutting ribs. Lung lobes, heart and large vessels were well protected. Abscesses, cheese-like tissue, diseased granulation tissue, necrotic discs and sequestrum were removed radically after the transverse vertebral artery was ligated securely using the LigaSure vessel-closed system. Sclerosed bones were removed using osteotome. After washing, interbody bone grafting was carried out with allograft ilium blocks. Screws were placed in the normal vertebral body adjacent to the lesion site, and titanium rods were installed and slightly pressurized to stabilize the graft. The closed drainage tube was placed for thoracic cavity and closed incision ( Fig.1 ).
(2) Posterior transpedicular debridement and fusion
Patients received intubation anesthesia and a longitudinal incision was made along the spinous process of the diseased vertebrae. Subperiosteal dissection of paravertebral muscle was made to expose the lamina and zygapophyseal joints. Pedicle screws were placed in the normal vertebral body for temporary stability. Lamina, facet joints and pedicles were resected to enlarge the operating space for lesion clearance. Different curettes were used to wipe off the sequestrum and pathological granulation tissue, and osteotomes were used to remove the sclerous bone around the lesion. Anterior lesion was rinsed repeatedly. After washing, an allograft iliac bone block was implanted for interbody fusion. Titanium rods were installed for stabilization and kyphosis correction. The drainage tube was placed for wounds and the incision was closed ( Fig.2 ).
Postoperative treatment
Antibiotics were used for 24-48 h. When the volume of drainage is less than 20 ml/d, the drainage tube was removed. Analgesic drug was given in time after operation. The patients who received anterior transthoracic debridement and fusion surgery were advised to carry out respiratory exercise. After the drainage removal, the patients were encouraged to get out of bed under the protection of braces. The anti-tuberculosis treatment continued for 18-20 months, during which liver function was monitored and hepatic protection treatment was provided regularly when taking anti-TB drugs. All patients were advised to put on brace apparatus for at least six months until bony fusion was observed with radiography.
Evaluation indexes and follow-up actions
The operation duration and blood loss were recorded. The patients were followed up once a month for the first 3 months after surgery, once every 3 months for the next 9 months within the first year after surgery, once every 6 months within the second year after surgery, and once every year after 2 postoperative years. Follow-up items included blood parameters (ESR, CRP) and time of blood parameters recovering to the normal value, imaging manifestations to evaluate whether the lesion was healed or recurred, and time of bone graft fusion. Complications of perioperative and follow-up periods were also recorded. The VAS score of back pain, kyphosis angle and SF-36 scale were recorded for assessing the clinical efficacy.
Statistics
The SPSS 22.0 (IBM, USA) statistical software was used for analysis. Comparison of the age, course of disease, operation time, blood loss, number of functional spinal units involved, ESR, CRP and time of ESR and CRP recovery to the normal value, time of abscess disappearance, time of bone graft fusion, VAS score, kyphosis angle and SF-36 scale were used for the independent-samples t test. The gender composition ratio and incidence of complications were compared through the chi-square test, and P value less than 0.05 on both sides was considered to be significantly different.
Results
All patients were followed up for 5-10 years with the mean of 6.2 ± 1.1 years. No significant differences were observed regarding the gender composition ratio, age, course of disease, number of lesion segments, and preoperative indexes of ESR, CRP, VAS, kyphosis angle and SF-36 score between the two groups (Tables 1, 2 and 3). The mean operation time was 158.2 ± 10.7 min and the mean blood loss was 517.9 ± 76.5 ml in Group A, both of which were significantly less than those in Group B (183.7 ± 14.1 min and 714.6 ± 57.4 ml) (P < 0.05) ( Table 1 ). The time of ESR and CRP decreasing to normal level were 2.3 ± 1.1 and 1.1 ± 0.3 months respectively in Group A, both of which were significantly less than those in Group B (3.1 ± 1.4 and 1.2 ± 0.6 months) (P < 0.05) ( Table 2 ). The time of abscess disappearance and bone graft fusion were 2.7 ± 1.6 and 6.6 ± 0.8 months respectively, both of which were significantly less than those in Group B (4.9 ± 1.9 and 8.0 ± 9.6 months) ( Table 2 ). In Group A, severe intercostal neuralgia occurred in 3 cases, and ultimately was healed through nerve blocks; after that, no other major complications occurred. In Group B, cerebrospinal fluid leakage occurred in 2 cases, and resurgence occurred in 4 cases and ultimately was cured via abscess drainage under thoracoscope surveillance, and superficial wound infection occurred in 1 case. No neurological, vascular or other major complications were found during the operation and follow-up in the two groups. The rate of surgical complications was 7.7% (3/39) and 14.6% (7/48) respectively in Group A and B, the difference in the rate of complications between the two groups was not significant (P > 0.05) ( Table 2 ). In the 5th postoperative year, there were no significant difference regarding VAS score, kyphosis angle and SF-36 scale between the two groups (P > 0.05) ( Tables 2, 3 ).
Discussions
Anti-TB drug therapy plays an important role in treating spinal tuberculosis because drug therapy is the basis for surgical treatment. In this study, the preoperative and postoperative normative anti-TB treatments were carried out in all cases for 2 weeks and 18-20 months respectively. Lesion clearance, bone grafting and internal fixation are three key techniques for the surgical treatment of spinal tuberculosis. Lesion clearance is the cornerstone for bone Fig. 1 A 49- year-old female patient with T7-8 spinal tuberculosis received anterior transthoracic debridement and fusion. 1a-1c Preoperative images showed paravertebral abscess formation in T7-8 and bone destruction in anterior column T8. 1d Intraoperative findings showed that the screws and titanium rod fixation were in place after interbody grafting with direct visual observation. (1e-g). Postoperative images after two weeks of operation showed that the interbody graft and instrumentation were in place. 1 h Postoperative images after 24 months of operation showed that solid interbody fusion was obtained grafting and internal fixation, so it is dangerous to ignore lesion clearance and pursue bone grafting and internal fixation blindly [15, 16] .
In our series, there were no recurrent or uncured cases in the anterior debridement and fusion group; 4 uncured cases were found in the posterior transpedicular debridement and fusion group initially, and were then cured after a second anterior procedure of abscess evacuation with the help of thoracoscope. In the 5th postoperative years, all ESR and CRP decreased into the normal range, and all paravertebral abscesses disappeared and all bone grafting was fused in the two groups. Meanwhile, similar clinical results regarding VAS score, kyphosis angle and SF-36 scale were observed in the two groups in the 5th postoperative year. So, our research indicates that satisfactory clinical, radiological and functional results were obtained from the mid-term follow-up for both anterior transthoracic debridement and fusion and posterior transpedicular debridement and fusion.
Because most spinal tuberculosis lesions are located in the anterior and middle column of the spine and there is no obstruction of the scapula or diaphragm muscle in the mid-thoracic region, adopting anterior transthoracic debridement and fusion for mid-thoracic spinal tuberculosis has an innate advantage over other approaches and surgeons dealing with bone grafting and fixation Fig. 2 A 48- year-old female patient with T6-7 spinal tuberculosis received posterior transpedicular debridement and fusion. 2a-2d Preoperative images showed paravertebral abscess formation in T6-7 and bone destruction in vertebral body of T6 and T7. 1e Intraoperative findings showed that interbody grafting was carried out after removal of pedicles with direct visual observation. 2e-g Postoperative images after two weeks of operation showed that the instrumentation was in place. 1 h Postoperative images after 24 months of operation showed that solid interbody fusion was obtained simultaneously after radical debridement [17, 18] . Dai et al. [19] conducted a prospective study of 39 cases with spinal tuberculosis, who were going to receive single-stage anterior debridement, bone grafting and instrumentation. They found that the therapeutic effect of the single anterior approach was excellent with a very low unhealing rate. Hassan et al. [20] compared 42 cases of anterior versus posterior approach for the treatment of thoracic and lumbar tuberculous spondylodiscitis, and they found that both approaches were effective for the treatment of thoracic and lumbar tuberculosis. Jin et al. [21] applied the anterior approach to 21 cases of adults with thoracolumbar tuberculosis and 2 cases of children with thoracolumbar tuberculosis, and they found that anterior interbody autograft and instrumentation were effective for adults, but poor for children in maintaining kyphosis correction. Lü et al. [22] reported that 50 cases with thoracic spinal tuberculosis received thoracoscopy-assisted anterior debridement and reconstruction, and it was found that the clinical and radiographic outcomes for the minimal invasive anterior procedure were exciting, but a long learning cure was required to grasp the operational technique. However, the anterior approach also has its inherent disadvantages, for example, the strength of vertebral body fixation is poorer than that of pedicle screws, and surgeons are required to familiarize with the anatomy of thoracic cavity and have skillful thoracic surgery techniques [23] . Some scholars believe that the anterior approach is more traumatic because it always needs resecting part of the ribs and disturbing lungs and large vessels. Wang et al. [24] reported that the single anterior approach needed a longer time and more blood loss than the single posterior approach. Wu et al. [13] conducted a multi-center retrospective study for patients with thoracic spinal tuberculosis, and it was found that anterior surgeries can achieve similar efficacy as posterior-only surgeries, but with more trauma, more blood loss and shorter operation time. However, Cui et al. [25] reported that anterior surgeries consume less operation time and are less traumatic than posterior surgeries. Dunn et al. [1] deemed that the anterior approach is more suitable for thoracic spinal tuberculosis because with transthoracic approach, debridement is easier and more effective without sacrificing nerve roots.
In our series, we found that the operation time and blood loss of anterior operations are significantly lower than those of posterior operations. It means that anterior transthoracic debridement and fusion is less traumatic than posterior transpedicular debridement and fusion, which is contrary to some of the previous studies [13, 24] . The observation may be explained in several aspects. Firstly, the focal area involved in this study is located in the mid-thoracic region In the past, we had to isolate and ligate vertebral transverse arteries with silk suture lines. Due to the deep location of vertebral transverse artery in the thoracic cavity, ligation was always difficult and prone to slipping away. In this study, we used the LigaSure vessel-closed system to manage vertebral transverse arteries with less time and less blood loss. Thirdly, in this study, surgeons from the Thoracic Surgery Department were required to cooperate with all patients treated with anterior transthoracic debridement and fusion during the operation. In our study, the time of inflammatory biomarkers decreasing to the normal level, abscess disappearance and bone graft fusion in the anterior group were significantly less than those in the posterior group, which indicates anterior transthoracic debridement and fusion not only causes less trauma than posterior transthoracic debridement and fusion, but also allows for faster patient recovery. Some experts are concerned about the safety of the anterior approach due to the presence of heart, lungs, large blood vessels and other important tissues in the thoracic cavity, as even a tiny careless mistake can be life-threatening. However, both previous studies and our study have shown that the mortality and rate of major complications were very low [26, 27] . Some scholars suspected that posterior transpedicular debridement and fusion might cause tuberculosis spreading and normal structure destruction in the posterior column. However, a number of literatures [28] [29] [30] and our study have proven the safety of the procedure. In this study, we have found that both anterior surgeries and posterior surgeries have low rates of complications, which is in line with the results of most of the previous studies.
This study is a retrospective study, so there are some inherent limitations, such study design, recall bias, selection bias, missing information and some other subjective factors. In addition, the position of the infection, degree of debridement, and alignment change are all important factors for surgical approach deciding in clinical works, although we made some restrictions for cases selection and did some statistical analysis to minimize the interference on the results. This is a single center study and the number of cases is small, so the conclusion need to be further verified in multi-center prospective randomized controlled study.
Conclusions
Both anterior transthoracic debridement and fusion and posterior transpedicular debridement and fusion have a low risk of surgical complications and provide good quality of life for the patients with mid-thoracic (T5-9) spinal tuberculosis followed up in the mid-term. However, anterior transthoracic debridement and fusion was less traumatic and allows for faster patient recovery. 
